Erythropoietin (EPO) enhances angiogenesis in the ischemic brain. Stroke induces secretion of tumor necrosis factor a (TNF-a). We investigated the effect of TNF-a on EPO-induced in vitro angiogenesis in cerebral endothelial cells. Using a capillary-like tubular formation assay, we found that transient incubation of primary rat cerebral microvascular endothelial cells (RECs) with TNF-a substantially upregulated EPO receptor (EPOR) expression and addition of EPO into TNF-a-treated RECs significantly augmented the capillary-like tube formation. Blockage of TNF receptor 1 (TNFR1) suppressed TNF-a-upregulated EPOR expression and abolished EPO-induced tube formation. Attenuation of endogenous EPOR with small interfering RNA (siRNA) also inhibited EPO-enhanced tube formation. Treatment of RECs with EPO activated nuclear factor-kappa B (NF-jB) and Akt. Incubation of the TNF-a-treated endothelial cells with EPO activated vascular endothelial growth factor (VEGF), VEGF receptor 2 (VEGFR2), angiopoietin 1 (Ang1), and Tie2. Blockage of VEGFR2 and Tie2 resulted in reduction of EPO-augmented tube formation. These data indicate that interaction of TNF-a with TNFR1 sensitizes cerebral endothelial cells for EPO-induced angiogenesis by upregulation of EPOR, which amplifies the effect of EPO on activation of the VEGF/VEGFR2 and Ang1/Tie2 pathways. Our results provide the evidence for crosslink between TNF and EPOR to coordinate the onset of angiogenesis in cerebral endothelial cells.
Introduction
Tumor necrosis factor a (TNF-a), a major inflammatory cytokine, has a critical role in many pathological and physiological events (Ashkenazi et al, 1991) . The TNF-a is induced within 1 hour in the ischemic brain, reaches a peak 6 to 12 hours, and then subsides 1 to 2 days after stroke (Leibovich et al, 1987; Liu et al, 1994) . Elevated TNF-a contributes to both neurotoxic and neuroprotective effects after stroke (Barone et al, 1997; Wilde et al, 2000) . The TNF interacts with two types of cell surface receptors, TNF receptor 1 (TNFR1) and TNFR2 (Tacchini-Cottier et al, 1998) .
Erythropoietin (EPO) is a hematopoietic cytokine and promotes proliferation and differentiation of erythroid progenitors and the survival of maturing erythroid cells (Watowich, 1999; Wojchowski et al, 1999) . The EPO has been shown to have neuroprotective and neurorestorative effects after stroke (Ruscher et al, 2002; Wang et al, 2004a) . Administration of recombinant human EPO (rhEPO) promotes interaction with the EPO receptor (EPOR) and augments angiogenesis and neurogenesis in the ischemic brain (Liu et al, 2008; Todokoro et al, 1987; Wang et al, 2004a, b) . Mechanisms underlying exogenous EPO-enhanced angiogenesis have not been investigated in the brain. Studies in neuroprotection have shown that TNFR1 targets EPOR and vascular endothelial growth factor (VEGF) to reduce cortical neuronal damage after cerebral ischemia (Taoufik et al, 2008) . The TNFR1 and TNFR2 mediate hindlimb ischemia-induced angiogenesis (Luo et al, 2006) . Adult cerebral endothelial cells express EPOR (Pillai and Mahadik, 2006; Siren and Ehrenreich, 2001) . Therefore, in this study, using a capillary-like tubular formation assay, we tested the hypothesis that TNF-a sensitizes cerebral endothelial cells for EPO-induced angiogenesis by upregulation of EPOR.
Materials and methods
All experimental procedures were approved by the Institutional Animal Care and Use Committee of Henry Ford Hospital. Male Wistar rats (6 to 8 weeks) were purchased from The Jackson Laboratory (Bar Harbor, ME, USA). Carbamylated EPO (CEPO) is manufactured by Lundbeck A/S (Valby, Denmark) under GMP and released for use in human clinical trials. rhEPO was purchased from AMGEN (Thousand Oaks, CA, USA).
Culture of Rat Brain Microvascular Endothelial Cells
Rat brain microvascular endothelial cells (RECs) were isolated from normal adult rats (n = 10), according to published protocols (Wu et al, 2003) . Briefly, rats were killed and their brains were collected in RPMI 1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 1% penicillin and streptomycin (Invitrogen). Cerebella, white matter, meninges, and visible blood vessels of the brain were removed under a microscope. The cerebral cortex and subcortex of normal rats were cut into small pieces and homogenized. Homogenates were suspended in 15% dextran (Sigma, St Louis, MO, USA) and centrifuged at 6000 g for 15 minutes at 411C. Pellets were resuspended and digested with 0.1% collagenase/dispase (Roche Applied Science, Penzberg, Germany) and 2% fetal bovine serum albumin (Invitrogen) in RPMI1640. Digested microvessels were separated with 45% Percoll (Sigma) (20,000 g, 10 minutes, 411C) and plated into Collagen I (BD Biosciences, Bedford, MA, USA) coated plates. Cultures were maintained in endothelial growth medium described by Wu et al (2003) . Passage 2 to 4 endothelial cells were used in this study.
Capillary-Like Tube Formation Assay
The RECs (2 Â 10 4 cells) were incubated in Matrigel (BD Biosciences) for 5 hours and capillary-like tube formation was measured. All assays were performed in n = 6/group. For quantitative measurements of capillary tube formation, each well was digitized under a Â 10 objective (Olympus BX40, Artisan Scientific Corporation, Champaign, IL, USA) for measurement of total tube length of capillary tube formation using a video camera (Sony DXC-970MD, Ampronix Incorporated, Irvine, CA, USA) interfaced with the MCID image analysis system (Imaging Research, St. Catharines, Canada). Tracks of endothelial cells organized into networks of cellular cords (tubes) were counted and averaged in randomly selected five microscopic fields (Rikitake et al, 2002) .
Transfection of Rat Brain Microvascular Endothelial Cells with Small Interfering RNA Against Erythropoietin Receptor
The RECs were transfected with small interfering RNA (siRNA)-EPOR (Dharmacon, Inc., Lafayette, CO, USA) using Lipofectamine 2000 (Invitrogen) following the manufacturer's instructions. Briefly, RECs were plated out in six-well plates and cultured until they were 80% confluent. They were then transfected with 100 nmol/L siRNA-EPOR in serum-free medium for 6 hours. Afterward, growth medium + 20% fetal bovine serum was added. mRNA and protein expression were measured 48 and 72 hours after transfection.
Immunocytochemistry and Quantification
The RECs were incubated with recombinant human TNF (rhTNF) (0, 2.5, 5, 10, and 50 ng/mL) for 24 hours. Apoptotic cells were labeled by Apoptag In Situ Apoptosis Detection Kit (CHEMICON International, Inc., Temecula, CA, USA) following the manufacture's instruction. The number of apoptotic cells and total cell number were counted and the percentage of apoptotic cells was determined.
Real-Time Reverse Transcriptase-Polymerase Chain Reaction
Quantitative reverse transcriptase-polymerase chain reaction (RT-PCR) was performed using SYBR Green real-time PCR method (Wang et al, 2004a, b) . Total RNA was isolated from RECs cultures using the Stratagene Absolutely RNA MicroRNA isolation kit (Stratagene, La Jolla, CA, USA). Quantitative RT-PCR was performed on an ABI 7000 PCR instrument (Applied Biosystems, Foster City, CA, USA) using three-stage program parameters provided by the manufacturer, as follows: 2 minutes at 501C, 10 minutes at 951C, and then 40 cycles of 15 seconds at 951C, and 1 minutes at 601C. Specificity of the produced amplification product was confirmed by examination of dissociation reaction plots. A distinct single peak indicated that a single-DNA sequence was amplified during PCR. Each sample was tested in triplicate and samples obtained from three independent experiments were used for analysis of relative gene expression using the 2 ÀDDCT method (Livak and Schmittgen, 2001) . The following primers for real-time PCR were designed using Primer Express software (ABI): Glyceraldehyde-3-phosphate dehyrogenase (FWD: AGA GAG AGG CCC TCA GTT GCT, REV: TTG TGA GGG AGA TGC TCA GTG T), EPOR (FWD: GAC CCC AGC TCT AAG CTC CT, REW: AGC CCC CTG AG C TGT AAT CT), VEGF (FWD: TGC CTC GTG GGA CTG GAT, REW: CCG GGC TTG GCG ATT T), VEGF receptor 2 (VEGFR2) (FWD: GCA CTT GCA GGC TCC TAA TGA, REW: AGC AAC CTG GGA AGC ATC AC), angiopoietin 1 (Ang1) (FWD: TCT GTT GTC GGT TTT TG GC, REW: GCT TGG CAT CAT AG T GCT GA ), Tie2 (FWD: AAG GGC CTA GAG CCA GAG AC, REW: AAG GTC TTT AGG GG C TGG AA).
Western Blot Analysis
Western blots were performed according to published methods (Wang et al, 2006) . Briefly, RECs were lysed and sonicated for 10 seconds and centrifuged at 10,000 g for 10 minutes. Protein concentration in the supernatants of cell extract was determined using a BCA protein assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA). Equal amounts of proteins were loaded on 10% SDS-polyacrylamide gel. After electrophoresis, the proteins were transferred to nitrocellulose membranes, and the blots were subsequently probed with the following primary antibodies: rabbit polyclonal anti-EPOR (1:1000, Santa Cruz, Santa Cruz, CA, USA), phospho-NF-kB (1:1000, Cell Signaling Technology, Danvers, MA, USA), phospho-Akt (1:1000, Cell Signaling Technology), rabbit polyclonal anti-VEGF (3 mg/mL, Abcam Inc., Cambridge, MA, USA), rabbit polyclonal anti-VEGFR2 (1:1000, Santa cruz), rabbit polyclonal anti-Ang1 (1:1000, Abcam Inc.), rabbit polyclonal anti-Tie2 (1:1000, Santa cruz), and b-actin (1:5000, Abcam Inc.). For detection, horseradish peroxidase-conjugated secondary antibodies were used (1:2000) followed by enhanced chemiluminescence development (Pierce Biotechnology, Inc.). Normalization of results was ensured by running parallel Western blots with the b-actin antibody used as an internal control. The optical density was quantified using an image processing and analysis program (Scion image, Ederick, MA, USA).
Experimental Protocol
(1) To examine the effect of TNF-a, EPO, and CEPO on angiogenesis, RECs were incubated with rhTNF-a (0, 2.5, 5, and 10 ng/mL, R&D system, Minneapolis, MN, USA), rhEPO (0, 1, 10, or 100 ng/mL, epoietin a, AMGEN), or CEPO (0, 1, 10, 100 ng/mL, H Lundbeck AS) for 24 hours. The same volume of saline that was used to dilute rhEPO and rhTNF was used as a control. (2) To examine the effect of TNF-a on EPO-induced angiogenesis, RECs were preincubated with rhTNF at 5 ng/mL for 24 hours and then incubated with rhEPO at 10 ng/mL or CEPO at 1 ng/mL for other 24 hours. (3) To examine whether TNFR1, TNFR2, NF-kB, and Akt signaling pathway are involved in the upregulation of EPOR by TNF, RECs were preincubated with or without the TNFR1 or TNFR2 neutralizing antibodies (10 mg/mL, R&D system) or NF-kB inhibitor SN50 (50 mg/mL, US Biological, Swampscott, MA, USA) or phosphatidylinositol 3-kinase inhibitor LY294002 (10 mmol/L, CALBIOCHEM, Gibbstown, NJ, USA) for 30 minutes and then treated with rhTNF-a (5 ng/mL) for 24 hours. (4) To examine whether EPOR mediates TNF-a and EPO-induced angiogenesis and VEGF and Ang1 expression, RECs were preincubated with TNFR1 neutralizing antibodies (10 mg/mL) or transfected with siRNA-EPOR or scrambled siRNA with rhTNF-a (5 ng/mL) for 24 hours, and then incubated with rhEPO (10 ng/mL) for an additional 24 hours.
Statistical Analysis
Data were evaluated for normality. Two-way or one-way analysis of variance was used to test either the two treatment combination effect or group effect. Analysis started testing the treatment interaction or main effect of the factor, followed by a subgroup analysis. Statistical significance was set at P < 0.05. All data are presented as mean ± s.e.
Results
Tumor Necrosis Factor-a Enhances Erythropoietin-Induced In Vitro Angiogenesis
To examine the effect of TNF-a on EPO-induced angiogenesis, we first examined the effect of TNF-a and EPO on angiogenesis by means of a capillary tube formation assay. The RECs were incubated with rhTNF (0, 2.5, 5, and 10 ng/mL) or rhEPO (0, 1, 10, and 100 ng/mL) for 24 hours and capillary-like tube formation was measured. Incubation of RECs with rhTNF or rhEPO induced capillary-like tube formation in a dose-dependent manner (Figure 1) . A dose at 5 and 10 ng/mL of rhTNF-a and rhEPO, respectively, did not significantly increase the capillarylike tube formation compared with the control group ( Figures 2B, 2C, and 2J ). However, preincubation of RECs with rhTNF at 5 ng/mL for 24 hours and then incubation with rhEPO at 10 ng/mL for 24 hours significantly increased the capillary-like tube formation compared with the rhTNF and rhEPO alone groups ( Figure 2D and 2J) . Interestingly, using the same condition, when we incubated RECs first with rhEPO and then added rhTNF or incubated RECs with both rhEPO and rhTNF at the same time, we found that neither preincubation with rhEPO and then rhTNF (2.6 ± 0.1 mm/mm 2 ) nor rhEPO and rhTNF together (2.5±0.1 mm/mm 2 ) significantly increased the capillary-like tube formation compared with rhTNF alone (2.5 ± 0.1 mm/mm 2 ) and rhEPO alone (2.3 ± 0.2 mm/mm 2 ) groups. Together, these data suggest that rhTNF sensitizes the response of RECs to EPO. The TNF induces apoptosis, whereas EPO reduces apoptotic cell death (Celik et al, 2002; Polunovsky et al, 1994) . To examine the effect of TNF and EPO on endothelial cell apoptosis, a terminal deoynucleotidyl transferase-mediated 2'-deoxyuridine 5' triphosphate-biotin-nick end labeling assay was performed. Treatment of RECs with rhTNF did not significantly increase apoptotic cells until the rhTNF dose reached 50 ng/mL ( Figure 3A) , which is 10 times higher than the dose to sensitize RECs.
Interaction of Recombinant Human Tumor Necrosis Factor with Tumor Necrosis Factor Receptor 1 Induces Erythropoietin Receptor Expression Through the NF-jB and Akt Signaling Pathways
To examine whether EPOR is required for this sensitizing process, we measured EPOR levels in RECs by real-time RT-PCR and Western blot. Pretreatment of RECs with rhTNF at 5 and 10 ng/mL but not 50 ng/mL substantially induced EPOR mRNA and protein levels ( Figures 3B and 3C) . Blockage of TNFR1 but not TNFR2 with neutralizing antibodies against TNFR1 and TNFR2, respectively, suppressed upregulation of EPOR expression ( Figure 3B and 3C) , which is consistent with the observation that rhTNF primarily acts on TNFR1 (Tartaglia et al, 1991) . These data indicate that interaction of rhTNF with TNFR1 upregulates EPOR expression. To examine whether NF-kB and Akt signaling pathways are involved in the upregulation of EPOR by TNF (Ozes et al, 1999) , we assessed levels of phospho-NF-kB and phospho-Akt. Western blot analysis revealed that rhTNF significantly increased phospho-NF-kB at 5 and 15 minutes after incubation, whereas a significant increase in phospho-Akt was detected starting at 15 minutes and persists for at least 6 hours after incubation ( Figure 3D ). Either an NF-kB inhibitor, SN50 (50 mg/mL) or a phosphatidylinositol 3-kinase inhibitor, LY294002 (10 mmol/L) suppressed TNFupregulated EPOR expression ( Figure 3E ), suggesting that activation of NF-kB and Akt triggers upregulation of EPOR.
Erythropoietin Receptor Mediates Tumor Necrosis Factor-a and Erythropoietin-Induced Angiogenesis
We then examined the cause effect of EPOR on the TNF-sensitizing process for tube formation by blocking EPOR. The RECs transfected with siRNA against EPOR (siRNA-EPOR) exhibited a significant reduction in EPOR expression assayed by real-time RT-PCR and Western blot compared with RECs transfected with scrambled siRNA (Figures 2K and 2L) , indicating that the siRNA-EPOR effectively attenuates endogenous EPOR expression. Suppression of endogenous EPOR by siRNA-EPOR significantly blocked the effect of preincubation with rhTNF on EPO-induced capillary tube formation, whereas scrambled siRNA did not reduce the tube formation ( Figures 2F, 2G, and 2J ). In addition, blockage of TNFR1 but not TNFR2 with the neutralizing antibodies also abolished induction of the tube formation in the presence of rhEPO (Figures 2E and 2J) , indicating that EPOR induced by rhTNF/TNFR1 mediates the sensitizing process. To further verify the EPOR effect, we used a CEPO, which does not bind to the EPOR homodimer or monomer (Leist et al, 2004) . The CEPO at doses of 10 and 100 ng/mL, but not 1 ng/mL, significantly induced capillary-like tube formation ( Figures 4A-4C and 4E ). Preincubation of RECs with rhTNF and then incubation with CEPO at 1 ng/mL did not increase capillary-like tube formation compared with the control group ( Figures  4A, 4D, and 4E ), suggesting that EPOR upregulated by rhTNF does not enhance the CEPO effect on in vitro angiogenesis.
Erythropoietin Receptor Upregulated by Tumor Necrosis Factor-a Triggers Expression of Vascular Endothelial Growth Factor and Angiopoietin 1 in Rat Brain Microvascular Endothelial Cells
The TNFR1 targets VEGF and VEGF and Ang1 mediate angiogenesis (Shweiki et al, 1992; Zhang and Chopp, 2002) . To investigate whether VEGF and Ang1 signaling contributes to TNF-a and EPOinduced angiogenesis, we assayed the expression of VEGF/VEGFR2 and Ang1/Tie2. Real-time RT-PCR and Western blot analysis revealed that treatment of RECs with rhTNF (5 ng/mL) or rhEPO (10 ng/mL) alone did not significantly upregulate expression of VEGF/VEGFR2 and Ang1/Tie2 ( Figure 5 ). However, incubation of rhTNF-treated RECs with rhEPO dramatically increased mRNA and protein levels of VEGF/VEGFR2 and Ang1/Tie2 compared with the levels in the rhTNF or rhEPO alone group (Figure 5 ), suggesting that interaction of rhEPO with EPOR upregulated by rhTNF activates the VEGF/VEGFR2 and Ang1/Tie2 pathways. To verify this, we blocked TNFR1 with the neutralizing antibody and found that the anti-TNFR1 neutralizing antibody significantly suppressed VEGF and Ang1 expression in RECs treated with rhTNF and rhEPO ( Figure 5 ). Attenuation of endogenous EPOR with siRNA-EPOR also significantly reduced VEGF and Ang1 expression ( Figure 5) . These data indicate that endogenous EPOR is required for the activation of the VEGF/ VEGFR2 and Ang1/Tie2. We then inhibited VEGFR2 and Tie2 with a receptor tyrosine kinase inhibitor against VEGFA (SU1498) and a neutralizing antibody Glyceraldehyde-3-phosphate dehyrogenase (GAPDH) and b-actin were used as internal controls for mRNA and proteins, respectively. *P < 0.05 and # P < 0.05 versus the control and rhTNF groups, respectively (n = 6/group).
against Tie2, respectively, in the RECs treated with rhTNF and rhEPO. As expected, SU1498 and the neutralizing antibody suppressed the tube formation in the presence of rhEPO in RECs treated with rhTNF ( Figure 2 ).
Discussion
This study shows that interaction of TNF-a with TNFR1 sensitizes cerebral endothelial cells for EPOinduced angiogenesis by upregulation of EPOR that amplifies the effect of EPO on activation of the VEGF/VEGFR2 and Ang1/Tie2 pathways. Activation of NF-kB and Akt-mediated TNF/TNFR1-upregulated EPOR expression. These data provide the evidence for crosstalk between TNF/TNFR1 and EPOR to coordinate the onset of angiogenesis in cerebral endothelial cells.
The EPO evokes its biological function through interaction with its receptor EPOR (Todokoro et al, 1987) . Cerebral endothelial cells express EPOR that has 10 times higher affinity to EPO (2 nmol/L) than EPOR in neurons (20 nmol/L) (Brines and Cerami, 2005) . The expression of EPOR is regulated by proinflammatory cytokines including TNFa, whereas hypoxia upregulates EPO (Chang and Stevenson, 2004) . Our results show that TNF through TNFR1upregulated endothelial EPOR, which is consistent with the recent studies that TNF-a markedly increases EPOR expression in human neurons and knockout of TNFR1 but not TNFR2 gene substantially suppresses EPOR expression (Taoufik et al, 2008) . Recent studies suggest that in addition to an EPOR homodimer, an EPOR monomeric and a bCR homodimer constitute a heteromeric receptor complex (Leist et al, 2004) . The neuroprotective effect of EPO is mediated by the heteromeric EPOR complex, whereas EPO induces erythropoiesis through the homodimeric EPOR (Leist et al, 2004) . The CEPO does not bind monomeric or dimeric EPOR but has been suggested to interact with the heteromeric EPOR (Leist et al, 2004) . Our data showed that rhEPO at a low concentration promoted angiogenesis in the cerebral endothelial cells that had upregulation of EPOR by TNF/TNFR1, whereas a low concentration of CEPO failed to enhance the tube formation in endothelial cells treated with TNF. The observed distinct effect of rhEPO and CEPO on the TNF-treated endothelial cells suggests that TNF/TNFR1 primes cerebral endothelial cells for EPO-induced angiogenesis through upregulation of the EPOR homodimer in cerebral endothelial cells, which is consistent with the view that endothelial cells predominantly express the EPOR homodimer (Brines and Cerami, 2005) . However, because our data also showed that CEPO at higher concentrations promoted the tube formation, further studies are warranted to address the mechanism of action of CEPO on endothelial cells. show VEGF/VEGFR2 and Ang1/Tie2 mRNA and protein levels, respectively, in rat brain microvascular endothelial cells (RECs) treated with rhTNF alone (5 ng/mL), rhEPO alone (10 ng/mL), rhTNF and rhEPO, rhTNF and rhEPO with the antibody against TNF receptor 1 (TNFR1) ( + anti-TNFR1), rhTNF and rhEPO with small interfering RNA (siRNA)-EPO receptor (EPOR) ( + siEPOR), or rhTNF and rhEPO with scramble control ( + ssEPO). Glyceraldehyde-3-phosphate dehyrogenase (GAPDH) and b-actin were used as internal controls for real-time RT-PCR and Western blot analysis, respectively. *P < 0.05 and # P < 0.05 versus the control and TNF + EPO groups, respectively (n = 6/group).
The TNF activates many signaling pathways including NF-kB and Akt (Ozes et al, 1999) . Our data suggest that activation of NF-kB by TNF may trigger Akt activation, whereas both NF-kB and phosphatidylinositol 3-kinase/Akt pathways are required for TNF-upregulated EPOR expression.
The VEGF and Ang1 families have a predominant role for angiogenesis and vascular maturation, respectively. The VEGF through VEGFR2 induces endothelial cell proliferation and increases cerebral vascular permeability, whereas interaction of Ang-1 with its receptor, Tie2, protects against VEGFinduced brain-blood barrier leakage (Thurston et al, 1999 (Thurston et al, , 2000 Wu et al, 2003) . The TNF/TNFR1 can directly act on endothelial cells to induce angiogenesis through activation of the VEGF pathway (Sugano et al, 2004; Yoshida et al, 2004) . Our data showed that both rhTNF and rhEPO, but not rhTNF or rhEPO alone, at the concentration used in this study upregulated VEGF/VEGFR2 and Ang1/ Tie2, which was mediated by EPOR. Thus, EPOR in TNF-primed cerebral endothelial cells is required for activation of the VEGF and Ang1 pathways that lead to augmentation of in vitro angiogenesis. Our findings are consistent with published data showing that EPO/EPOR has an important role to induce angiogenesis by modulating the VEGF/VEGF receptor and Ang1/Tie2 (Kertesz et al, 2004; Nakano et al, 2007) .
In vivo, we and others have shown that EPO enhances angiogenesis in the ischemic boundary region where the presence of gradients of TNF expression are reported (Leibovich et al, 1987; Li et al, 2007; Liu et al, 1994; Wang et al, 2004a) . Thus, TNF released from inflammatory cells in ischemic brain likely sensitizes cerebral endothelial cells to EPO-induced angiogenesis. The EPO could activate multiple signaling pathways to induce angiogenesis (Carlini et al, 1995; Ribatti et al, 1999) . This study offers a potential mechanism for crosslinking between TNF and EPOR in cerebral endothelial cells to induce angiogenesis.
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